ABSTRACT
INTRODUCTION
World Wide Web, since its conceptual inception, has contributed greatly for the knowledge era, in which we are living today. As conceptualized by Sir Tim Berners-Lee, the introduction of World Wide Web (WWW) has given rise to enormous amount of information that can be accessed in digital form and most of these data are in the form of documents. The exponential growth of these documents has raised many challenges. Considering the structure of these documents, we find that they are not descriptive enough to express themselves, overloaded with information and distributed all over the Web. Therefore, it has become a difficult task for the Web Users to search and retrieve the relevant information needed for them.
Semantic Web, as envisioned by Sir Tim Berners-Lee, addresses this problem by giving information a well-defined meaning, better enabling computers and people to work in cooperation. Semantic Web is implemented using W3C recommended Semantic Web Technologies and Standards and expresses the Web data in a machine-understandable and machine processable form, thereby supporting information exchange and sharing between applications. Ontologies play a significant role in building Semantic Web and provide a platform for promoting Semantic interoperability on the Web. However, constructing ontology's for the many and varied domains on the Web is a time-consuming process and their construction is a bottleneck to the wider deployment and use of Semantic Information on the Web. Since manual construction of ontology is costly, time-consuming, error-prone and inflexible to change, it is hoped that an automated or semi-automated process will result in better ontology construction and create ontologies that better match a specific application [1] .
There have been several research attempts to automate ontology construction and update process by exploiting the content of Web pages. Most of the Web documents that exist today are in semistructured format. However, there are few references to research attempts that focus on these semi-structured data on Web [2] [3] [4] . Further most of these research attempts use text mining and Natural Language Processing techniques to extract the semantics from Web documents, neglecting the embedded information in the semi-structured nature. Also most of the current approaches are dealing with some specific tasks or a part of the ontology learning process rather than providing complete support to users. There are few research attempts that use Web mining techniques such as Web Content Mining and Web Usage Mining in ontology development.
The benefits of analyzing the usage behavior analysis have been the driving forces for continuous research in the realm of Web Usage Mining, which aims at discovering navigational patterns from the logs of HTTP requests for Web resources [5] . Further Web Content Mining aims to extracts/mine useful information or knowledge from Web page contents. The benefits offered by these two techniques in Web Mining applications are noteworthy.
In this paper, we present a framework for Ontology Learning from Semi structured Web pages using the combined techniques of Web Mining namely, Web Content Mining and Web Usage Mining. We have employed the Web Content Mining to extracts the concepts and further discover the Conceptual relationships from Web pages. We applied the text mining techniques and extended Apriori Algorithm, which is most widely used for frequent mining, for extracting the concepts. The Semantics extracted from Web Usage Mining process, helps in refining the conceptual relationships extracted from Web Content Mining. Further the refined conceptual relationships are also used in enriching the Web site Ontology. Ontology Pruning and Ontology evaluation are other stages of Ontology Learning process.
The remainder of this paper is organized as follows. In section II, we present a survey of current research efforts on Ontology Learning and Web Mining Methods. In section III, we present our Ontology Learning framework and its main architectural components. In section IV, implementation and experimental results are discussed. In section V, enriched Ontology is evaluated. Finally, in conclusion, some plans for future work are presented.
RELATED WORK
"Ontology is an explicit, formal specification of a shared conceptualization of domain of interest [6] , where formal implies that the ontology should be machine readable and the domain can be conceptual thing that is shared by a group or community". During the last decade, several research attempts on ontology learning and systems have been proposed. These research efforts tried to build ontology in either of two ways. One way is using ontology development tools [8] like protégé and Onto-Edit. Knowledge engineers and Domain experts use these tools to build the ontology. Another one is semi-automatic way of constructing the ontology by learning it from different information sources [9] [10] with little human intervention.
Ontology learning refers to a process of applying various knowledge discovery techniques in constructing ontology by extracting concepts and relations using different input sources. It aims at building ontologies semi automatically or automatically from a given text corpus with a limited human exert. Ontology learning can also be defined as a set of methods and techniques used for building ontology from scratch, enriching or adapting an existing ontology in a semi-automatic fashion using several sources [9] . Ontology learning has recently been studied as an effective approach to facilitate the semi-automatic development of ontologies. Ontology learning use techniques and methods from diverse spectrum of fields such as machine learning, knowledge acquisition, natural language processing, information retrieval, artificial intelligence, reasoning and database management systems [11] [9] .
Manual construction of ontologies is costly, time-consuming, error-prone and inflexible to change. Ontology learning systems can be categorized according to the type of data from which they are learned. Unstructured, fully structured and Semi-structured types of data especially form the input sources to ontology learning systems. In literature, there are several research attempts, focusing on constructing ontology for semi-structured Web Pages using various techniques. Research attempts that focus on unstructured Web pages [12] [13] [14] [1] with free text, mostly use Natural Language Processing techniques and simple text mining in the ontology development. The research attempts that focus on fully structured Web Pages, such as Wikipedia, move beyond simple text mining and take into account the structure of the Web pages [15] [16] . However, there are only few research efforts that focus on extracting Semantics from semistructured Web pages.
The work presented in [3] was the first attempt to discuss the synergy between Semantic Web and Web Mining. They discussed the role of Web Mining techniques in facilitating ontology development. They claimed that the synergy between Semantic Web and Web Mining will give rise to a form of close loop learning, by allowing the usage of Web Mining to extract Semantics and building the Semantic Web and then using the Semantic structures in increasing the performance of Web Mining results. The work presented in [4] draw attention of researchers to use the mark up tags of HTML pages to be used in Web Content Mining to facilitate Ontology development. Descriptions of various techniques provided by Web Usage Mining in improving site Semantics and supporting the users in their navigation is well presented in [2] .
A framework for Web Usage driven adaptation of the Semantic Web is well presented in work [17] . The adaptation process employed in the framework, exploited the Web access logs of the users, together with the semantic aspect of the Web to facilitate the Web browsing. Based on the usage of Web, they performed evolution of Web site ontology and topology. However in their work, mining the content of the Web pages was not considered to full extent in extracting concepts needed for facilitating the ontology development.
In another approach [18] , similar to our work, has presented a framework that combines Web Content Mining with Web Usage Mining to extract conceptual relationships hidden in semistructured Web pages and used in ontology development. The main idea behind this concept was to incorporate the Web author's ideas as well as Web Users' intentions on Web site in the ontology development. The above research attempts to use Natural Language Processing and Association rule mining to extract the conceptual relationships. However, a complete ontology learning process was not presented and much focus was given only to ontology creation.
A semi-automatic method for domain terminology extraction from e-learning resources and their organization as ontology is well described in [19] . However, the work is limited only to elearning domain and used mostly the Natural Language Processing techniques. Few research works that try to use the semi structured nature of the Web pages in ontology development have become specific to special type of Web sites such as template driven Web sites [20] .
Research work [21] made use of the structure of phrases appearing in the HTML documents' headings, in identifying new concepts and taxonomical relationships. However, in most of the current research works, plain text is extracted from the semi structured Web pages as part of preprocessing phase and simple text mining techniques are applied on the extracted free text to construct ontology. Here the ontology development process has not considered the users' intentions and aspirations on Web site.
ARCHITECTURE
The main aim of the paper is to investigate and develop a framework that enables ontology learning by partially automating the process of extracting conceptual relationships from semi structured Web pages using Web Mining techniques. In this section, we present the overall architecture of our Ontology Learning framework. Figure.1 shows the architecture of our proposed Ontology Learning framework, consisting of four stages. 
Mining the Web Page Content to Extract the Knowledge
Usually the Web page contents are organized from Web designer / Web author perspective. Mining the web page contents can reveal the conceptual relationships as seen by Web author. However extracting information directly from Web pages is a difficult task since most of the Web pages do not confirm to HTML syntax. The ill-formed HTML pages need to be preprocessed and parsed before applying the concept extraction process. A Java based SAX parser is used to parse the Web pages and convert them into a formal structure. The Web pages are annotated with parts of speech tags. Weighted Frequency of the concepts is determined by considering the frequency of the concepts as well as the frequency of HTML markers containing those concepts. Here different HTML tags are given different weights to match their importance.
The concepts that have a weighted frequency higher than externally specified threshold values are considered as most significant set of concepts of that Web page. One or more keywords of sentence in Web page may define a concept. An extended Apriori algorithm [22] was used to determine the significant concept sets, while pruning the word sequences from the candidate word sequences that have no probability of selecting as a concept. Concept sets are generated using the above process iteratively.
Associations between the concepts are identified as the concepts that together occur frequently. These associations between the concepts hint the existence of conceptual relationships. The identified associations mostly represent the conceptual relationships that exist in Web author or Web designer mind. These extracted set of conceptual relationships are presented to the ontology developer for further refinement where he/she can include any new conceptual relationships or remove irrelevant ones from the extracted conceptual relationships and refine the existing Web site ontology. Association rule discovery techniques are used in extracting the frequent concept sets. The most widely used, most popular CloSpan algorithm [23] was employed for extracting frequent concept sets. Conceptual relationships are determined from the generated association rules.
Mining the Usage Patterns to Extract Conceptual Relationships
Web Usage Mining refers to the process of extracting users' navigational patterns by applying data mining techniques on Web access log files. Users' Web Browsing activity is heavily dependent on his needs, knowledge and interests. Users' view on Web pages could be different from Web site author views. Mining the Usage patterns could reveal the conceptual relationships that reside in the web pages as per Web users' perspective. Web Usage patterns are used in applications like Web Personalization, Web caching, Web perfecting, Web site restructuring and intelligent online advertisements [24] .
Web Users browsing preferences could be learned and adopted in the Web adaptation process to suit the users' needs. The Proposed framework uses Web Usage Mining to extract conceptual relationships that could be learnt about the Web pages according to the discovered usage patterns. The extracted Semantics is used in the conceptual relationships' refinement stage along with the conceptual relationships extracted by mining the Web content of the Web pages. Web Usage Mining alone cannot be used in extracting the Semantic Knowledge from Web access logs as the users' navigational patterns would be insufficient in case of dynamic Web sites where the content of the Web pages changes frequently.
Web Usage Mining process mainly includes steps like preprocessing the web log files, User Session Identification, discovery of frequent Sequential Patterns, Analysis of the Usage patterns and uses the discovered patterns in various applications.
Preprocessing the Access Log Files
The irrelevant information that exists in the raw Web access log files has to be removed before applying the Mining techniques. Here various preprocessing tasks are done. Removing duplicate records and irrelevant requests such as request with response status code greater than 200 and removing records related to image requests are done as part of the preprocessing task.
User Session Identification
After preprocessing phase, user sessions are identified. We used a heuristic measure in performing sessionization. An idle time of 30 minutes is considered in constructing user sessions. The identified user sessions are then mapped into multidimensional vector space model of URL references (bit vector).We represented each Web page visited as '1' and each Web page not visited as '0' while mapping the user sessions into a vector space model. Table. 1 illustrates the user sessions mapping into multi dimensional vector space model. The constructed vector space is clustered using K-means clustering algorithms. Each cluster represents a group of Web transactions that are similar based on the co-occurrences of the URL references. The results are presented to the ontology developer who specifies the number of clusters to be generated. Sequential association rule mining is applied on the cluster sessions. Table. 2 shows an example of the cluster details. 
Sequential Frequent Pattern Mining
Page sets are extracted using association rules. Based on the extracted page sets, conceptual relationships are identified and then presented to the ontology developer for suggestions. The ontology developer extracts useful conceptual relationships, which refine the Web site ontology.
Then the extracted information has to be converted into machine understandable format. Owl is used to represent the Semantic information.
EXPERIMENT AND RESULTS
Experiments are conducted on an anonymous University Web site. We have collected the Web access log file over a period of one month from University Server. For performing experiments, we used domain ontology of the same anonymous University Web site. Figure.2 shows the snapshot of initial domain ontology of the University Web site. The size of raw Web log file collected was nearly around 25540 page views. After preprocessing the log, the Number of page views, are reduced to 6892. The Number of User Sessions obtained were 600 on an average basis of 80 sessions per day.
The ontology was edited and visualized using tool Protégé '4.3 [25] . OWL language was used in representing the updated ontology. After preprocessing task, User sessions were identified. Kmeans Clustering algorithm is employed to generate clusters over generated User Sessions. CloSpan algorithm was implemented on the usage clusters to generate frequent sequential concept sets. Reorganization of the concepts hierarchy was performed. For instance, the sub-concept "university research assistant" was previously not under the concept "Student ". However, the high frequency with which these two concepts were occurring together hints the existence of conceptual relationship between them and reflects the interest of the users. The result ontology is represented in OWL language. The resulting ontology after the application of changes as suggested by the system is shown in Figure 4 . 
Ontology Evaluation
Ontology evaluation is critically important if the ontologies are to be widely adopted in the Semantic Web and other Semantic aware applications. Evaluation of ontology refers to a process of assessing whether a given ontology represents the conceptual relationships in a given domain or selecting the best ontology among the candidate ontologies. One can assess the quality of the constructed ontology. In this paper we have assessed the quality of semi-automatically developed ontology. A comprehensive survey of existing ontology evaluation techniques is presented in research work [26] . Four types of evaluation approaches were discussed in the above work.
• Gold Standard Evaluation: Comparing the ontology based on a gold standard.
• Application based evaluation: based on the results obtained by using the ontology in an application.
• Data driven evaluation: based on the comparisons done on the source data.
• User evaluation: based on the evaluation done by humans.
Based on the nature of our research, user evaluation is well suited to assess the quality of the extracted Semantics because it is the user (knowledge engineer) who finally decides whether to add a particular conceptual relationship to web site ontology or not, and he/she is the best person to judge the quality of the extracted semantics. The report of the conceptual relationships is presented to ontology developer who decides for updating the ontology. He assesses the quality of generated ontology or enriched ontology.
CONCLUSIONS AND FUTURE WORK
Ontology is regarded as a backbone for Semantic Web. Manual acquisition of ontologies is tedious and cumbersome task. Constructing ontology for new domain is time-consuming and costly affair. In this paper we have presented a framework for semi-automatic construction of ontology using knowledge discovery techniques with an aim to reduce the effort required to produce ontology for a new domain.
The main contribution of this research paper is the concept of using both Web Content Mining and Web Usage Mining for semi-automatically developing the ontologies. The main idea behind this concept was to incorporate the Web author's ideas as well as Web users' intentions in the ontology development process. However, reliability of using only Web Usage Mining information was seen as not a viable solution because of the rapid changing nature seen in some of the web sites and hence, identifying users' navigational patterns is difficult and it may not reveal adequate information. Therefore, the proposed methodology extracts concepts and conceptual relationships using Web Content Mining and the information revealed by Web Usage Mining is incorporated to refine the ontologies. The quality of the constructed Ontology is assessed using the User Evaluation method. In future research, we plan to combine Web Structure Mining with the proposed approach in developing ontologies, which could be expected to give the profitable results. Another direction in which, the proposed approach can be extended is, by applying Web Mining techniques to domain specific multiple Web sites to develop domain ontology.
